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A difference in the heating rate of the esatern and western
limbs of the Moon was revealed during the lunar eclipse of 7 July 1963.
One of the probzble causes of tie observed effect is the difference of

teuperature gracients of the surface layers of lMoon's eastern and western

11mos during full moon, On this assumption, the value of ¥ for the

upper decimeter layer is estimated to be y= (kpc)~' = 600900,

* ®

The observations of lMoon's thermal emission in the 8 —14 mk
resion oi the spectrum [1], conducted during the eclipse of 7 July 1963,
h-yve skovn that upon egress from shadow the Moon's surface is heated at
a different rate on the eastern and western limbs, Scanning of the Moon
wes conducted uninterruptedly from west to east along four plans, pae-
sing t-rough the Aristarchus crater (lst vlen), Mare Crisium (2nd plen),
Mare Humorum and Mare Necteris (3rd vlan), Longomontenus ring formation
and Fernelius crater (4th plan), '

The variation of the messured thermal flux from Moon areas of
100 x €0 km dimension with the+ increase of illuminance & (tD being the

area illuminance, referred to that of full moon), ies brought out in Fig.1.

. (RAZLICHIYE SKCROSTI NAGREVANIYA VOSTOCHNOGO I ZAPADNOGO KRAYEV LUNY

POSLE ZATMENHA)



From the viewpoint of details of Moon's relief, these areas were selected

at random. Three graphs correepond to areas disvosed at distances from

the center of the disk: r=1096 Ry093 R; 045 /2. The scale of tenperatures
computed by measured intensities, taking into account the atmosphere trans-
parence, teiescope's and devices geometry and in the assumption that the
surfece of the Moon emits as a blackbody, is plotted in ordinates.

The difference between tihe heating rate of the western and eastern
limbs is seen well for great distances from disk's center (r==0£0-0§931l
However, the differences are fully concealed by point scattering already
at distance r==OfSR; (neinly on account of interferences from measuring
devices). It is clear, thot this difference is linked with the previous
history of the areas, situated on the western and eastern limbs: the western
1imb of the loon was sunlit during about two weeks prior to observation,
while tre terminator passed through the eastern limb only recently. The
course of the curves for the eastern limb reveals a certain lag in tempe-
rature rise at initial stages of heating. Such lag can be caused by the fact
that at the eastern limb, the energy, outgoing in the depth of the surface
because of conductance,is greater than at the western 1imb, for in the
first case the temperature gradients in the superficial layer of the ground
are greater.

Generally speaking, the delayed temperature rise at continuous
energy input from the Sun may be also caused by phase transition type pro-
cesses or by variations of the state of Moon's superficial layer substance
(for example, the sintering or the agrclomeration of dust particles under
the effect of heating, the fusion of the formation ouside or under the
enperficial layer, etc. ).

At present we lack the poesibility of separating these two effects.
But if the thermal inertia gives‘F great contribution, we may attempt to
determine the parameter Y’=(Ff?) ¥ directly from the detected retardation
of the heating effect; here k is the conductance, F is the density and
& is the specific heat capacity. Strictly speaking, computations of thermal
regime must be conducted at specific parameter of lunar soil. Comparison
of the retardation, calculated from the solution of the heat conductivity

equation for various ‘1 , with that measured experimentally, provides the
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means of determining Y. In the case when it s“ould appear that there is
generally no possibility of obtaining a dependence, coinciding with the
experimental one for the same parameter, the assumption of main role of
heat conductivity in the effect detected will not, apparently, correspond
to reality. The precise computations are quite cumbersomes they require
the use of computers and that is why, so far, they failed to materialize
with us. As a first steﬁ, we conducted only ‘the estimate of the value of
the parareter Y s utilizing the values of temperature gradients in the su-
perficial layer, obtained from the computation and experimental data by
lengths of penetration into the lunar soil of the radiatior with various
wavelengths witnin tlie radioband.

Yo carry out the estimate, it is practical to assign oneself
identical terpera tures for tie portions of eastern 'I‘E and western Ty
edrres (T = Tw), which are established for various illuminances @y and Ow.
The horizontal lines in Fig, 1l cross the heating curves of the eastern and
restern lirbe at voints, the abecissa of which correspond to various values
of §.

For the pointe of intersection we nay write the conditions of
ener y balance as follows

A cos 04y Pe = oTe* + g, (1)
A c08 0596@w = oTw* + gw, )

where A is a solar constant, a and q.. are the fluxes tiarough the sur-

fzces of the ezstern and western areas.
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Fic, 1.~ Dependence of the therrsl flux and of temperature
on the relzstive illuminance ¢ in the penumbra after the
nd of the totsl vhere of eclipre for various distences
from the center of the disk.




The value of cos 9,“ has the following sense. Ior a smooth lioon
the illuminance of the area situated at disk's_ limb is ecual to A cos O,
where € is the angle ‘oetﬁeén the normal to that surface and the directioqn
of solar ray incidence. However, ti:e roughness of the Moon's surface leads
to the dependence of thermal emir~sion intensity on the angle © not being
cubject to the law of the cosine. Accordinz to our measurements, this de-

10-3 - pendence has the form shown in Fig,. 2.

ci- ceter.nmk The great intensity. of thermal radia-
tion by disk's limbs, compared to

cos ® is linked with the roughness,
and, conseouently with the increase
of iilumination on account of the

presence of surface elements with a

smaller angle O, that is, somehow
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0162 23 04 05 06 07 08 09 10r/hy with an increase of cos €. That is
Fige 2e - Mistribution of tuermal
along the ioon's disk at full moon.

why

cos 0. = s 0 I’v ; ,-
s == €080 18 [/ I1q0 where

I1.(®)is the flux from the real Moon and I 0 is the flux from a smooth Moon.
Subtracting from (1) (2), we shall obtain

A cos O399 (P — Dw) = qe — gqw,

aT aT ) . (3)

Qe = k(T?.t_)p qw = k(?

Utilizing the well known correlation of thre penetrztion depth of
tre thermel weve /v= (2/:/pcw)", wvhere k. ir the heat condut.:tivity,
¢ is the hert capacity, f ir tle density and w tlie anrular rotation fre-
cuencvy oi the lioon, and also tl..e correlation between the depths of pene-
tration of therrnsl and electromagnetic waves l,=2My, obtained in [2],
ve shall obtain o ' ’

q = 2(kpc) 'z (20) =0T [ aA.

Substituting this expression in (3), we shall have

ee/ 00
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. A coS Ogpp (Pw — D)

The estimrtes of temperature gradiente on the eastern and western
limbs were realized as follows. In Fiz. 3% we plotted by solid line the
dependence of the measured radiotemperature T on wavelength for the points
distant by r==0.96R) from the center to the eastern and western sides of

Moon's disk at fullmoon. The dependence was plotted according to data of [2].
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Fise 2. - Dependence of the teuperature Fige 4. = "aximum tenperature
on wavelensth for the eastern and western drop (in percent, ss a func-
lirbs o7 tine lunar disk in time of full tion of ) at time of the
roon total phase of eclipse.

It is well known that any somewhat noticezble temperature variation
during eclipee irc observed for N € 0.4 cm. Plotted in Fie, 4 is the depend-
ence of mean rac¢ioternerature drop 2lonr tiie disgk in percent Guring the ‘
tot?l phese of eclipse for vesriour A [3]. The devendence of the temperature
on wavelensth durin~ the totzl phese (TFie, % dashes) was obtained from tem-
vercture disiribution at full moon, taking into account the curve of Fig. 4.
At the end of the totsl phese of the eclipse the surface, found to be in the
penumbra, be-ine to be subject to heating under the action of the rising
soler flux. Since the dependence of temperature on wavelength is available
only for the total phase of eclipse (Fig. ?), its is desirable to make use
of those experimental points of the curves in rig, l. which correspond to

lovest temperatures. Ule utilized for the estimate the points corresponding
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to surface temperature To = 240° K, The value of 9T /d\ is determined from
Fig. 3, as (To—T) /A,  where T, is taken by dashed curves for the east-
ern and western 1limb of the Moon. From Fir, 3, we may obtain that

(8T | aA)w — (T [ dA)x

has a maximum, ecual to %00 deg/mm for )\ =1,5mm, This value is utilized
for tihe estimate. Teking A = 1.99 cal/cm min, w = 2,51 - 10’6 sec™l .

Ow — @ =042 (from Fir.1), ve obtain (ch)“'/' = 600. An analogous procedure
for 093R; gives (kpc)—*h = 900.

Therefore, the values of Y jobtained as a result of rough estimate,
are close to the values, determined by radioastronomical, as well as by
optical methods [2]., This allows us to assume, that in the observed dif-
ferences in the heating rate of the eastern and western limbs, a significant
role is played by the heat conductivity of lunar soil. '

232 THE END ssx¢»

Institute of Physics in the name Received on 22 August 1964
of P, N, Lebedev
of the USSR Academy of Sciences, and
Astronomical Council
of the USTR Academy of Sciences.

2 (CONTRACT Ne-NASL5-3760) Trznslated by ANDRE L, BRICHANT
/. Consultants and Desisners, Inc.,C PROANEE on 21 May 1965 ¢ S ceis,
Arlinston, Virginia o

REFERENCES

{1}.- M.N,MAZXQV, V, L, KHORHLOVA.- Dokl. AN SSSR (in print), 1965.
(2}.~ v.D . XKROTIKOV, V.S, TROITSKAYA.- UFN., 31, vyp. 4, 1963,
[3].- R, B, BALDNIN.- The Measure of the Moon.- Chicago Press, 1963,




ST_LPS — 10337 [80ccl

7
DISTRIBUTION
GODDARD SPACE F.C. NASA HQS OTHER CENTERS.
600 TO./NSEND SS  NEWELL, CLARK AMES RoCo
STRCUD SG NAUGLE SONETT (5]
£10 MEREDITH SCHARDT LIBRARY (3]
€11 McDONALD ROMAN
ABRRAHAM : SKITH LANGIEY
BOLDT DUBIN 160 ADAMSON
“12 HEPFNER AL LIDDEL 235 SEATON
M55 BRUNK BABCOCK III
612 sUPPSRIAN  [3] BRYSON 213 KATZOFF
DONN FELLO\IS 185 WEATHERWAX [3]
614 LINDSAY HIPSHER JPL
WVEITE HOROWITZ —
615 BOUXDEAU SM FOSTER NEWBURN
BAULR ALLENBY SPEED
GOLDBEKG GILL CONEL,
5TUNE BADGLEY KOVACH
640 HESS £2] RR KURZVEG LOOMIS
641 LOWMAN ATSS  SCHWIND L4l —_
643 3 UIZES ROBBINS COLEMAN
660 6I for Ss  [s] o VR UC BERKELRY
252 LIBRARY (3] WILCOX
256 FREAS
NAV ,OESERV.

LIBRARY




